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I. INTRODUCTION 

A. DESCRIPTION O F  RESULTS 

The vehicle shapes selected for  the Venus study were aimed at determining the 
residual weight tradeoffs due to vehicle shape, 
radiation and convective heating and mater ia l  performance led to a selection of 
shapes covering blunt as well as slender concepts. Pr imari ly ,  a parametr ic  
study of spherically blunted cones was evolved for  three cone angles, 10, 30, 
and 60 degrees,  and two bluntness ra t ios  RN/Rc of 0.4 and 0. 8. 
i s  spherical, resembling the Nerv capsule; however, i t  approximates an 
effective spherical  cap of 0.8 bluntness and w a s  considered part  of the blunt- 
cone family. Since the range of hypersonic drag coefficients a t  zero angle of 
attack is large for these shapes, a nominal choice of M/CDA was selected for 
each shape. The choice of M/CDA was selected with the aim of locating the 
range of M/CDA'S in which a peak in the residual weights would be observed. 
Tables 111-1 and 111-2 indicate the case generation and nominal values of each 
shape. The 
V-7 shape was  a special shape, representing the approach of using a flare to 
achieve the necessary stability. 
selections is given in volume I. 

The complex interaction of 

The V1 shape 

The values of M/CDA for each shape a r e  given in these tables. 

A more  detailed discussion on the shape 

A complete summary of the case generation f o r  Venus is given in table 111-1. 
The range of entry conditions, gross  weight, spin, and the remaining governing 
parameters  a r e  denoted. The entry angle of attack and pitch rate were fixed 
for all cases  at 179 degrees  and 0.1 rad/sec.  
chosen governing parameters  without unduly calculating an excessive number of 
cases.  

This was done to a s s e s s  the 

All the trajectory calculations contained in this volume were done using the 
modified four -degree -of -freedom solution. This was necessitated due to the 
large range of angles of attack a t  peak dynamic pressure,  making the use of 
the linearized solution inapplicable in many cases. 

Prel iminary calculations indicated that transition occurs  very early in the heat 
pulse and, therefore,  completely turbulent pulses were assumed f o r  stations 
downstream of the nose. 

Ear ly  resu l t s  for  the radiative heating indicated a small  effect of nonequilibrium. 
Both the equilibrium and nonequilibrium pulses were plotted for several  t ra jector ies  
to i l lustrate their  differences, but in  the main, only the total equilibrium and 
nonequilibrium result is shown. 

Reference heat pulses were plotted and a r e  depicted herein for  each trajectory. 
Three reference pulses a r e  generally shown, the stagnation point radiative and 
convective heating and the turbulent sonic point heating. These pulses were 
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calculated along each trajectory accounting for the timewise variation of velocity 
and ambient conditions. However, the flow field geometry incorporated in these 
results is that f o r  zero angle of attack. 
the heating distribution about each shape, scale factors  for these pulses were 
utilized and a r e  contained in  the heat shield weight tables presented. 
stagnation point, no additional corrections were made to account for angle of 
attack. 
was estimated to yield a conservative bound on the heating a t  this station. 

To account for angle of attack effects and 

At the 

Note that zero-angle -of -attack geometry with the calculation trajectory 

The combination of the angle-of-attack envelope and the heat pulses a r e  shown 
to illustrate the variation of the angle of attack through the heating period. 
angle -of -attack time history shown represents  the envelope of maximum 
amplitudes. 
The method for  accounting for the angle of attack variation i s  discussed in 
volume I. 
corresponding heat pulse. For  example, at a laminar  station, the angle-of- 
attack correction is made corresponding to the angle of attack at peak stagna- 
tion point laminar heating. Similarily, a t  a turbulent station, the angle of 
attack at peak turbulent heating was utilized. Fo r  the radiative heating d is -  
tributions, the angle of attack a t  peak radiative heating was utilized. 
cases where a double peak was observed, a nominal value of the angle of attack 
occurring between the peaks was used, The angle -of -attack corrections account 
for pressure distribution and shock shape variations. The approximate method 
utilized considers a single point correction considering the vehicle to be effectively 
in a lunar motion such that this angle of attack is maintained throughout the heat 
pulse. An averaging effect can be seen f rom the resul ts  in that the angle of 
attack generally decreasesmonotonically through the pulses. The adoption of the 
lunar motion concept was felt  to lead to a conservative bound on the heat shield 

The 

For  vehicles with spin, a n  envelope of lower amplitude also exists. 

0 '  The method utilizes the angle of attack a t  the peak value of the 

I 
In those 

I 
\ 

I 

I 

, 
I 

I 

weights. i 
The occurrence of peak dynamic pressure  is indicated by the symbol QPK, 
identifying i t s  location with respect  to the heat pulses and the angle-of-attack 
histories. The value of the dynamic pressure  and the angle of attack a t  peak 
dynamic pressure were utilized in  obtaining the pressures  on each section which 
were used f o r  computing the s t ructural  weights. 
used in  the s t ructural  weight computations i s  tabulated along with the s t ructural  
weights of each section. 

The pressure on each section 

The time a t  which Mach 1 occurs  is also shown in the trajectory plots to indicat 
i ts  location with respect  to peak heating, loads, and impact. 

Two families of trajectory plots a r e  presented. 
performance resul ts  discussed above a r e  contained in  one set, and the Mach 
number, altitude, dynamic pressure ,  and angle-of-attack histories a t  low 
altitude a r e  contained in the second set. The low altitude resul ts  a r e  useful 
to evaluate the dynamics during the region of decreasing dynamic pressure  and 
the Mach number and altitude histories.  These effects a r e  important performance 
aspects and have numerous interactions with other system requirements. 

The heating and high-altitude 1 
I , 
I 
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Besides the trajectory plots, tabular summaries of the trajectory resul ts  a r e  
presented. 
angles of attack at peak heating and peak dynamic pressure  a r e  also given. 
These summaries  a r e  useful for quickly assessing the general  performance of 
a particular vehicle. 

These indicate the peak heat ra tes  and integrated heatings. The 

For  each vehicle, summary tables a r e  presented fo r  the elemental s t ructural  
weights, 
accounting for the distribution in pressure and the angle of attack. Aluminum 
honeycomb mater ia l  was used throughout with a maximum allowable temperature 
of 600°F. 

Along with these data is given the pressure used i n  calculating weight, 

Included in  the s t ructural  weight computations was the internal s t ructure  and 
crushup weight. 
allowed to occur directly with a cr i te r ia  of impact loads se t  at 1000 g. 
honeycomb w a s  used as the energy-absorbing material. 
designed to allow protection for  impacts at 45 degrees with the vertical. 

No parachute was considered for  Venus cases ,  but impact was 
Aluminum 

The crushup was  

Heat shield weight summaries  are also provided. 
of a graphitic mater ia l  for  which the properties a r e  given in  volume I. However, 
the use  of the low-density Mars  mater ia l  was explored for the low heat input 
areas.  Unfortunately, the mater ia l  choice became complex as cer ta in  combina- 
tions of entry conditions indicated that one material  was more  favorable, whereas 
other entry conditions indicated a reversa l  in the trends. 
mater ia l  combination was desirable for  all the entry conditions to establish the 
tradeoffs, the mater ia ls  finally selected were those which appear most  suitable 
fo r  the gamut of entry conditions. These considerations led to the selection of 
the low density mater ia l  for  the afterbodies of the V6 and V7 vehicles only. A 
strong effect, leading to this selection, was the consistent low angles of attack 
at peak heating for these shapes. 
the unit a r e a  weight and the heating scale factor which multiplies the reference 
heat pulses for  each section as well as the section weight. 

The heat shields were  mainly 

Since a choice of 

The heat shield weight summaries  indicate 

Residual weight summaries  a r e  presented indicating the gross  heat shield, 
external structure,  internal structure, and crushup structural  weights. A 
separate section is devoted to discussion of the resul ts  and the tradeoffs found 
for each of the governing parameters.  

B. NOMENCLATURE 

EQ Refers to equilibrium radiation heating at the stagnation point 
(Btu/ftz - se c ) 

IY Moment of iner t ia  about pitch axis (slug-ft2) 

M/ CDA Balli s t ic coefficient ( slug /ft2 ) 

- 3 -  



Spin rate  ( r ad / sec )  

Pressure  on the aft cone (psi)  

Pressure  on cylinder (psi)  

Pressure  on forecone (psi)  

Pressure  on flared section (psi)  

Stagnation pressure (psi)  

Pressure  on toroidal section (psi)  

Heat ra te  (Btu/f t2-sec)  0 '  
Dynamic pressure  ( lb/f t2)  

Ratio of local radiative to stagnation point radiative heating rate  I 

Ratio of local laminar heating to stagnation point convective heating 

Ratio of local turbulent heating to sonic point turbulent heating 

Equilibrium radiation heat ra te  at stagnation point ( Btu/ft2 -sec) 

Laminar heat ra te  at stagnation point ( Btu/ft2 - se c )  

Integrated convective laminar heating at the stagnation point 
(Btu/ft2) 

Refers to peak dynamic pressure 

Radiation heating at stagnation point including nonequilibrium 
(Btu/ft2- sec)  

Integrated radiant heating at the stagnation point including 
nonequilibrium (Btu/ftz) 

Turbulent heat ra te  at sonic point (Btu/ft2 -sec)  

Integrated convective -turbulent heating at the stagnation point 
(Btu/ft2) 

Time (seconds) 

Cor e height (inche s ) 

-4 -  



t f 

Ve 

WCYL 

W:kcyL 

Wac 

w ::: 
ac 

w ::: D fc 

a 

Face sheet thickness (inches) 

Entry velocity ( f t /  sec)  

Weight of cylinder (pounds) 

Weight of cylinder (lb/ft2) 

Weight of aft cone (pounds) 

Unit weight of aft cone (lb/ft2) 

Weight of forecone (pounds) 

Weight of forecone ( lb/f t2)  

Gros s weight (pounds) 

Weight of f lare  section (pounds) 

Uni t  weight of f la re  section (lb/ft2) 

No se cap weight (pound s ) 

Unit weight of nosecap ( lb/f t  2 ) 

Total weight (pounds) 

Weight of toroidal section (pounds) 

Unit weight of toroidal section (lb/ft2) 

Altitude (feet) 

Angle of attack (degrees) 

Flight path angle at entry (degrees) 
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11. V1 SHAPE 

A. PERFORMANCE 

The VI shape i s  shown in figure UII-1. It has  a 10-degree forecone angle and 
an  effective bluntness ratio, RN/Rc, of close to 0. 8. The nominal ballistics 
coefficient, M/CDA, is  1. 50 slug/ft2 with a drag coefficient of 0. 680 a t  zero  
angle of attack, 

The t ra jec tory  resul ts  for this vehicle a r e  shown in figures 111-2 to 111-33. 
high-altitude performance curves a r e  on figures 111-2 to 111-17 and the low- 
altitude performance curves a r e  on figures 111-18 to 111-33. 
the t ra jector ies  i s  given in table 111-3 and the resultant external structure.  heat 
shield and residual weights a r e  given in tables 111-4, 111-5, andIII-6 respectively. 
External structure curves  for this vehicle a r e  summarized in figures 111-34 to 

The 

Summary data f o r  

III- 36. 

It should be noted that the heat shield weights reflect an  all-graphite body. 
The nosecap and toroidal sections utilize laminar heating, and the forecone 
and aft cone utilize turbulent heating. 
aluminum honeycomb material .  

The external structure weights reflect  

Summary residual weight tradeoff curves  are shown in figure LIL-254 and are  
fur ther  discussed in  the Conclusions section of this volume. 
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SHAPE 

v1 

v 2  

v 3  

v 4  

v 5  

V6 

v7 

TABLE 111-1 

NOMINAL VALUES FOR VENUS STUDY 

WG1 
(pounds) 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

M/CDAI 

(slug/ft2) 

1. 50 

1. 20 

0. 80 

1 .20  

0. 80 

4.00 

3. 00 

MA TERIA LS 

1 

l f r a d  
cma 

-. 150 

-. 148 

-. 166 

-. 301 

-. 173 

-. 347 

-. 467 

1 1 
Hv VL 

1 
'7T 

Forebody 1 1 , 0 0 0 . 0  0. 56 0. 36 

Afterbody 85. 0 0. 57 0. 38 

2l 
Iy/mR, 

0. 41 

0. 36 

0. 31 

0. 41 

0. 35 

0.95 

3. 66 

All Cases  a, = 179 degrees,  Q, = 0. 1 r ad f sec  

v i  = 38,000 f t f sec ,  ~2 = -45 degrees,  
PI = 2. 0,  

H U F ~ =  1.0, M U F ~  = 1. o 

1 
Rc 

(feet) 

3. 11 

3. 26 

3. 06 

3. 92 

3. 12 

3.65 

1. 59 

1. Nominal  Values 
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B. TRAJECTORY RESULTS 
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C. SUMMARY DATA 
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- 

Case 

- 
K1- 1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

1 3  

14 

15 

16  

17  

18  

19 - 

~ 

Gross Entry 
Weight 

(pounds) 

1000 

1000 

1000 

1000 

1000 

1000 

500 

2000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

336 

555 

362 

388 

247 

526 

172 

716 

285 

340 

328 

344 

312 

342 

404 

370 

348 

390 

342 

Heat Shield 
Weight 

(Pounds - 

TABLE III-6 

ELEMENTAL WEIGHTS--V 1 VEHICLE 

External  Structure 
Weight 

(Pounds) 

217.0 

125.4 

175.6 

299.2 

201.0 

242.1 

80. 0 

558.6 

181.2 

216.7 

214.2 

220.3 

162. 3 

248.0 

318.4 

217.0 

217.0 

217. 0 

217.0 

Internal Structure 
Weight 

(pounds) 

77. 7 

50. 7 

81.4 

50. 0 

103. 

34.1 

37.4 

137 

98. 2 

76. a 

80. 3 

75. 0 

96. 7 

70.9 

43. 1 

72. 0 

74.8 

67. 3 

76. 3 

Crushup Weigh1 

(pounds) 

40. 2 

29.3 

41. 7 

28. 8 

50.5 

21.6 

23.1 

62. 3 

48. 7 

39.9 

41. 3 

39.2 

53.5 

33.8 

20.2 

38. 3 

39.1 

36.4 

39.7 

Residual Weight 

(pounds ) 

329 

239 

339 

2 34 

398 

176 

187 

496 

386 

326 

336 

321 

375 

305 

214 

302 

32 1 

289 

325 
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TABLE 111-6 (Concl'd) 

Case 

K2- 1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

1 3  

14  

15  

16 

17 

18 

19 

;ross Entry 
Weight 

(pounds) 

1000 

1000 

1000 

1000 

1000 

1000 

500 

2000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

{eat Shield 
Weight 

(pounds) 

417 

587 

454 

390 

358 

584 

iii 

851 

336 

434 

432 

414 

386 

479 

594 

472 

432 

45 1 

425 

Cxternal Structure 
Weight 

(pounds) 

161.3 

116.6 

114.6 

171.3 

145.6 

159.4 

58.0 

370. 3 

138. 3 

152.7 

151.2 

162.8 

120.7 

178.3 

231.4 

161.3 

161. 3 

161. 3 

161.3 

Jnternal Structure 
Weight 

(pounds) 

70.4 

43.9 

72.6 

74.3 

85.2 

37.2 

_-. m 3 

151 

92. 7 

68. 5 

69.2 

70. 7 

84.5 

54.7 

22. 7 

58.1 

66.9 

62. 7 

68.5 

;rushup Weight 

(pounds ) 

60.1 

41.2 

61.5 

62.6 

68.8 

36.7 

31.4 

~- 

107 

73.8 

58.8 

59.3 

60.3 

77.3 

43.9 

19.2 

51.8 

57.8 

54.9 

58.8 

:e sidual Weight 

(pounds) 

291 

21 1 

297 

301 

342 

183 

159 

519 

359 

286 

288 

292 

331 

244 

132 

257 

282 

270 

286 
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FIG. m- 35 
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111. V 2  SHAPE 

A. PERFORMANCE 

The V2 shape i s  shown in figure 111-37. 
a bluntness ratio, RN/Rc,  of 0. 8. The afterbody design i s  discussed in volume 
I and stems from the stability requirement that the vehicle have a single stable 
t r im  point at zero  angle of attack. The nominal ball ist ics coefficient, M/CDA, 
is  1. 20  slug/ft  

It has  a 30-degree forecone angle and 

2 with a drag coefficient of 0. 775  at zero  angle of attack. 

The trajectory resul ts  for  this vehicle a r e  shown in figures 111-38 to 111-69. 
The high-altitude performance curves a r e  shown on figures 111-38 to 111-53 
and the low-altitude performance curves on figures 111-54 to  111-69. 
data for  the t ra jector ies  a r e  given in  table 111-7 and the resultant external 
structure,  heat shield, and residual weights are  given in tables 111-8, 111-9, 
and 111-10 respectively. 
marized in figures 111-70 to 111-72. 

Summary 

External structure curves for this vehicle a r e  s u m -  

It should be noted that the heat shield weights reflect an all-graphite body. 
nosecap and forecone utilize laminar heating and the aft cone utilizes turbulent 
heating. 

The 

The external structure weights reflect aluminum honeycomb material. 

Summary residual weight tradeoff curves a r e  shown in figure 111-255 and a r e  
further discussed in  the Conclusions section of this volume. 
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B. TRAJECTORY RESULTS 
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FIG. - 41 

-69- 



-70- 



a 

1 



0 ,  
i 

i 

I 

I 

I 

0 '  





FIG. - 5 2  

-74- 



FIG. Ils - 53 
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FIG. m -54 
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FIG. nI -59 
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C.  SUMMARY DATA 
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IV. V3SHAPE 

B low-altitude performance curves on figures 111-90 to III- 105. 
fo r  the t ra jector ies  a r e  given i n  table III- 11 and the resultant external structure,  
heat shield, and residual weights a r e  given in tables III- 12, 111-13, and III- 14, 
respectively. 
figures III- 106 to III- 108. 

Summary data 

External structure curves for this vehicle a r e  summarized in  

A. PERFORMANCE 

The V3 shape is  shown in figure 111-73. 
a bluntness ratio, RN/RC, of 0. 8. The afterbody design i s  discussed in volume 
I and stems from the stability requirement that the vehicle have a single stable 
t r i m  point at zero  angle of attack. The nominal ball ist ics coefficient, M/CDA, 
is  0. 8 slug/ft2 with a drag coefficient of 1. 32 at  ze ro  angle of attack. 

It has a 60-degree forecone angle and 

It should be noted that the heat shield weights reflect an  all-graphite body. 
The nosecap and forecone utilize laminar heating and the aft cone utilizes tur -  
bulent heating. 
material. 

The external structure weights reflect  aluminum honeycomb 

Summary residual weight tradeoff curves a r e  shown in figure 111-256 and a r e  
fur ther  discussed in  the Conclusions section of this volume, 
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B. TRAJECTORY RESULTS 
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C. SUMMARY DATA 
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V. V4 SHAPE 

A. PERFORMANCE 

The V4 shape is  shown in figure 111-109. 
and a bluntness ratio, RN/Rc, of 0. 4. 
volume I and s tems f rom the stability requirement that the vehicle have a 
single stable trim point at ze ro  angle of attack. 
ficient, M/CnA, is  1. 20 slug/ft2 with a drag coefficient of 0. 535 at ze ro  
angle of attack. 

It has a 30-degree forecone angle 
The afterbody design is  discussed in 

The nominal ball ist ics coef- 

The trajectory resul ts  for  this vehicle a r e  shown in figures 111-110 to  111-141. 
The high-altitude performance curves a r e  shown on figures III- 110 to  III- 125 
and the low-altitude performance curves on figures III- 126 to III- 141. 
data for  the t ra jector ies  are  given in table 111-15 and the resultant external 
structure, heat shield, and residual weights a r e  given in tables 111-16, 111-17 
and III- 18, respectively. 
summarized in figures III- 142 to III- 144. 

Summary 

External structure curves for  this vehicle a r e  

It should be noted that the heat shield weights reflect  an all-graphite body. 
The nosecap utilizes laminar heating and the forecone and aft cone utilize 
turbulent heating. 
material .  

The external structure weights reflect aluminum honeycomb 

Summary residual weight tradeoff curves a r e  shown i n  figure 111-257 and are  
further discussed in  the Conclusions section of this volume. 
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C. SUMMARY DATA 
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VI. V5SHAPE 

A. PERFORMANCE 

The V 5  shape i s  shown in figure 111-145. 
and a bluntness ratio, RN/Rc, of 0.4. The afterbody design i s  discussed in 
volume I and s tems f rom the stability requirement that the vehicle have a 
single stable trim point at zero  angle of attack. The nominal ballistics coef- 
ficient, M/CDA, is 0. 8 slug/ft2 with a drag coefficient of 1. 28 at ze ro  angle 
of attack. 

The trajectory resul ts  for  this vehicle are shown in figures 111-146 to 111-177. 
The high-altitude performance curves a r e  shown on figures 111-146 to 111-161 
and the low-altitude performance curves on figures 111-162 to  111- 177. 
data for  the t ra jector ies  a r e  given in tabie 111-19 and the resultant external 
structure,  heat shield, and residual weights a r e  given in tables 111-20, 111-21 
and 111-22, respectively. 
marized in figures 111- 178 to 111- 180. 

It should be noted that the heat shield weights reflect  an  all-graphite body. 
The nosecap and forecone utilize laminar heating and the aft cone utilizes 
turbulent heating. 
comb material .  

Summary residual weight tradeoff curves a r e  shown in figure 111-258 and a r e  
further discussed in  the Conclusions section of this volume. 

It has a 60-degree forecone angle 

Summary 

External structure curves for this vehicle a r e  sum- 

The external structure weights reflect aluminum honey- 
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VII. V6 SHAPE 

A. PERFORMANCE 

The V6 sh’ape is shown in figure 111-181. 
and a bluntness ratio, RN/Rc, of 0.4. 
volume I and s tems f rom the stability requirement that the vehicle have a 
single stable trim point a t  zero  angle of attack. The nominal ball ist ics coeffi- 
cient, M/CDA, is 4.0 slug/ft2 with a drag coefficient of 0. 186 at  ze ro  angle of 
attack. 

It has a 10-degree forecone angle 
The afterbody design is discussed i n  

The trajectory resul ts  for this vehicle a r e  shown in figures 111-182 to 111-213. 
The high-altitude performance curves a r e  shown on figures 111- 182 to 111- 197 
and the low-altitude performance curves on figures 111-198 to 111-213. 
data for the t ra jector ies  a r e  given in table 111-23 and the resultant external 
structure,  heat shield, and residual weights a re  given i n  tables 111-24, 111-25 
and 111-26, respectively. 
marized i n  figures 111-214 to 111-216. 

Summary 

External structure curves fo r  this vehicle are sum- 

It should be noted that the heat shield weights reflect  graphite material for the 
nosecap and forecone and Avcoat material  for the aft cone. 
shield weights utilize laminar heating and the forecone and aft cone utilize tur- 
bulent heating. 
material .  

The nosecap heat 

The external s t ructure  weights reflect  aluminum honeycomb 

Summary residual weight tradeoff curves a r e  shown in figure 111-259 and a r e  
further discussed i n  the Conclusions section of this volume. 
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VIII. V7 SHAPE 

A. PERFORMANCE 

The V7 shape is shown in figure 111-217. 
attempt to achieve necessary stability. 
2.22. 
coefficient of 1.30 at zero  angle of attack. 

This flared shape was chosen in an  
It has a bluntness ratio, RN/Rc, of 

The nominal ball ist ics coefficient, M/CDA, is 3.00 elug/ft2 with a drag  

The trajectory resul ts  for this vehicle are shown in figures 111-218 to 111-249. 
The high-altitude performance curves a r e  shown on figures 111-218 to 111-233. 
and the low-altitude performance curves on figures 111-234 to 111-249. Summary 
data for the t ra jector ies  a r e  given in table 111-27 and the resultant external 
structure,  heat shield, and residual weights a r e  given in tables 111-28, 111-29 
and III-30, respectively, 
marized in figures 111-250 to 111-253. 

External structure curves  for this vehicle a r e  sum- 

It should be  noted that the heat shield weights reflect  graphite mater ia l  for the 
nosecap, toroidal, cylindrical, and f lare  sections and Avcoat material  for the 
aft cone. 
cylinder, f lare,  and aft cone utilize turbulent heating. The external s t ructure  
weights reflect  aluminum honeycomb material. 

The nosecap and toroidal sections utilize laminar heating and the 

Summary residual weight tradeoff curves a re  shown in figure 111-260 and a r e  
further discussed in  the Conclusions section of this volume. 
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IX. CONCLUSIONS 

A. SHAPE 

The maximum residual weight observed for a 1000-pound vehicle is 500 pounds, 
as  shown in figure III-258 and occurred for the V5 vehicle, which is a 60-degree , 
cone of 0.4 bluntness. The V3 vehicle also exhibited high residual weights, a s  , 
shown in figure 111-257, although an  optimum M/C=A was not found. In handling I 

I 

residual weight in excess of 450 pounds. The effects of entry conditions and the 
remaining governing parameters  depicted in figures 111-254 to 111-260 indicate 
that similar trends exis t  for all shapes. 

The most slender shape, the V6, yielded very low residual weights, although 
an optimum M/CDA was not found. The trend observed with M/CDA, shown in 
figure 111-259, indicates a maximum residual weight of l e s s  than 300 pounds for 
a 1000 -pound vehicle. I 

the extremes of atmosphere, the V3 vehicle appears more favorable with a 

a 
The resul ts  generally point to a high drag vehicle, such a s  the V3  and V5 shapes, 
as the most  thermally and structurally efficient shape. 
noted from the trajectory resul ts  that these two designs exhibited poor angle-of- 
attack performance a t  low altitude. 
with the center of gravity position and moments of inertia for these designs. 
Studies of moving the center of gravity forward and possibly reducing the size 
of the afterbody should be made to a s c e r k i n  if the low altitude performance 
improves and also if the residual weight improves. The direction in which to 

small bluntne s s . 

However, it should be 

I 
Part of this problem is most  likely associated 

I 

I 
~ pursue efficient designs seems to be that of large forecone angle and relatively 

B. ENTRY ANGLE 

The effects of flight path angle on residual weight a r e  summarized in figures 
111-254 to 111-260. 
shallow entry angle, ye = -15 degrees. 
temperature Venus atmosphere model, generally resulted in a peak in the 
residual weights at an angle between y e  = -15 and -90 degrees,  except the V6 
vehicle which yielded most  favorable residual weights for the ye  = -90 degree 
entry. 
hence in going from the shallow to the steep entry, the convective heat load 
decreases whereas the radiative heat load increases,  and a most  favorable 
entry angle occurs. The optimum entry angle is a function of shape, those 
shapes which have a greater  proportion of convective than radiative heating 

All vehicles studied had the lowest residual weights for the 
The K1 atmosphere, being the low 

The K1 atmosphere resul ts  in a large amount of radiation heating; 
I 
I 

a' 
- -  

exhibiting the optimum entry angles near y e  = -90 degrees.  

The K2 atmosphere is the high temperature model of the Venus 
hence the relative proportion of convective to radiative heating 
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would tend to make the optimum entry angle shift towards the ye = -90 degree 
case. Another factor causing this trend is the reduced s t ructural  weights due 
to the highcr temperature atmosphere. 
254 to 111-260 show these trends. 

The summary resul ts  in figures 111- 

36, 000 f t l s ec  

C. ENTRY VELOCITY 

38,000 f t /sec 40,000 f t /sec 

The effects of entry velocity on residual weight a r e  shown fo r  each vehicle in 
figures 111-254 to 111-260. 
namely 36,000, 38,000 and 40,000 ft /sec.  
that as the velocity increases  the residual weight falls off sharply. This is due 
to increased heat shield and external structure weights. 
( K l )  is more affected by the increased velocity than is the hot atmosphere (K2). 
This is pr imari ly  due to the increased radiation heating, hence l a rge r  heat 
shield weights. 

Three distinct entry velocities were investigated, 
From the curves, it can be seen 

The cold atmosphere 

The V1 and V4 vehicles a r e  most  affected by increased velocity, whereas the 
V6 and V7 a r e  leas t  affected. 
increases  at a faster ra te  than convective heating. 
to minimize radiation would show l e s s  residual weight effect than vehicles which 
tend to minimize convective heating. 
velocity for  each vehicle. 

As velocity increases,  the radiation heating 
Hence, vehicles which tend 

The following table indicates the effect of 

Vehicle 

v1 

v2  

v 3  

v 4  

v 5  

V6 

v 7  

400 

44 0 

460 

380 

500 

210 

430 

330 

400 

430 

35 0 

47 5 

190 

425 

180 

320 

360 

180 

400 

150 

370 

Percent  Decreasc 
in Re sidual 

Weight 

55 

27 

22 

52 

20 

29 

14 

D. BALLISTICS COEFFICIENT 

The values of M/C+ were perturbed three t imes in  search for  a n  optimum 
M/C& which would maximize the residual weight. The range of values selected, 
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- 
Sh, pe 

V i  

VZ 

V 3  

v -4 

V 5  

M/ C+, Optimum 
(slug /ft2) 

2.5 

2. 0 

1.3 

2.0 

1.3 

3. 0 

E. GROSS WEIGI-IT 

The variation of residual weight wit1 gross weiglll summarized in  figures I 
111-254 to 111-260. 
Three weights were stud ed, 500, 1000, and 2000 pounds. The resu l t s  show 
that the residual weight Traction decreases  with increasing weight. 
dual weight fractions a r e  summarized below. 

The 1 e t  llts indicate a similar trend for  all the shapes studied. 

The r e s i -  

RESIDUAL WEIGHT FR4CTIONS, K2 ATMOSPHERE 

i 
Shape I 500 Pounds 

v1 0. 32 

v 2  0.46 

v 3  I I 0.48 

I 0. 32 

0.42 

v4 
v 5  

V7 I 0.40 

V6 ' I 0.10 

___. 

1000 Pounds 

0. 30 

0. 34 

0.42 

0. 30 

0. 36 

0. 07 

0. 36 

2000 Pounds 

0.26 

0. 31 

0. 35 

0.26 

0. 30 

0. 05 

0. 32 

I 

0 '  
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The above tabulation is done for the nominal values of M/CDA. 
lations would be of interest  to compare the shapes for their optimum M/C+; 
very likely, the optimum M/C+ is also a function of the gross  weight. 

Further calcu- 

F. SPINRATE 

The effects of spin ra te  were found to be dependent on the shape and the atmos- 
phere. 
envelope at high altitudes and throughout heating. 
found to play a significant role in determining the effects due to spin. Fo r  ex- 
ample, the V3 and V5 shapes have significantly lower drag rearward than for-  
ward; hence, rearward entry at high spin results in  large angles of attack over 
a significant par t  of the trajectory causing the trajectory to change and giving 
the appearance of an effectively higher M/CDA and hence higher heating. 
other hand, a shape such as the V6 has a lower M/CDA rearward than forward 
and hence the trajectory changes due to the angle of attack motion a r e  in  the 
direction of reduced heating. 
in  heating on the aft sections of the vehicle with increased angle of attack. 

The effects of spin a r e  due to the resultant changes in  the angle of attack 
The geometric shape has been 

On the 

Complicating these effects is the general  increase 

An additional factor observed in  the resul ts  is the different behavior when the 
atmosphere is changed. This resul ts  f rom the effect of the atmosphere on the 
ra te  of angle of attack convergence. 

The sum of these effects is shown in figures 111-254 to 111-260. The V6 vehicle 
indicates a favorable effect on residual weight with increased spin, in line with 
the discussion above. 
of attack increase,  and t h i s  trajectory change overcomes the adverse effects of 
higher heating on the aft sections of the vehicle. 

This vehicle has a marked decrease in  M/CDA with angle 

G. STABILITY PARAMETER 

was varied in an  attempt to establish its effect 
m/Y 

The stability parameter C 

on residual weight and angle of attack history. The nominal value of Cm 

for each vehicle, was both increased and decreased by a factor of two. 
was accomplished by halvingand doubling the moment of inertia in pitch ( 

In general  we find that the chosen changes in the stability parameter had little 
effect on the overall residual weight. 
that the residual weight varied on the order of 3 to 4 percent between the mini- 
mum and maximum stability parameter. The complication of vehicle spin and 
the variation in the drag coefficient with angle of attack tend to cloud the effects 
of the stability parameter. 

The stability parzkneter primarily affects the low altitude performance of each 
vehicle. 
factor is decreased, the angle of attack envelope is increased, and vice versa.  

al1Y 

4). 
This 

In figures 111-254 to 111-260 it can be seen 

The low altitude performance curves indicate that, as the stability 
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This effect is caused by the increase and/or decrease of the damping coefficient 

c / I  
ma y 

0.5 

1.0 

C m d 2  . This effect  is clearly demonstrated by comparing the angle of mq 

* IY 
term 

attack at impact for the V2 vehicle in figures 111-46 and 111-51. 
shows this effect. 

The table below 

Angle of Attack at Impact 
(degree 8 )  

60 

32 

2.0 12 

H. HEATING AND MATERIAL UNCERTAINTY FACTORS 

The effects on the residual weight of uncertainties in  the heating predictions and 
in the mater ia l  performance were ascertained by perturbing the heating and the 
material  properties. 
radiative and convective heating. 
the radiative and convective heating by 30 percent, respectively. 
the resul ts  in tables 111-6 to 111-30, it can be seen that the increase in  radiative 
heating generally resulted in  a loss  of residual weight. 
in residual weight i s  surprisingly small, and this is the resul t  of several  
counterbalancing factors ;  (1)  when the radiative heating increases ,  more  of the 
convective heating is blocked, and (2)  with the additional radiation heating the 
ablation ra te  is faster  and a smaller  fraction of the heating is conducted into 
the heat shield. The maximum loss  in  residual weight observed is 12 percent, 
but in the main, the loss  in  residual was much smaller.  

The heating uncertainty was evaluated separately for the 
Cases -16 and -17 represent  increases  in 

Examining 

In many cases ,  the loss  

Increasing the convective heating by 30 percent resulted in  a very small  effect  
on the heat shield weight. In several  cases ,  improvements in the residual 
weight were noted indicating that the weight requirements a r e  a resu l t  of a 
balance between several  factors. The interacting factors  include the relative a 
proportions of convective and radiative heating and the breakdown of the heat 
shield weight between the ablation and insulation requirements. Increasing the 
heating resulted in increased ablation weights; however these increases  tended 
to be small, whereas reductions in insulation weight were  also observed. 

-350- 



The mateTia1 properties selected for study of the effects of material uncertainties 
were the heat of vaporization and the boundary layer blowing, o r  blocking factor. 
Each of these factors was reduced 30 percent. 
and -19 in tables III-6 and LII-30 a r e  for the heat of vaporization and blowing 
factor reductions, respectively. Reducing the heat of vaporization generally 
reduced the residual weight; again, however, the reduction is small. 
greatest  reduction observed is 12 percent but in the main, the loss in  residual 
weight was smaller  than this. Compensating effects accounting for this behav- 
ior a r e  the increased ablation weights,causing the convective heating to 
be blocked more  effectively,and therefore less  heat tended to be conducted into 
the heat shield due to the more  rapid rate  of ablation. 
111-30, it can be seen that the reduction of the blowing factor,  'I , has a surpr i -  
singly small  effect, again due to compensating factors. 
the blowing factor, the rate  of ablation increased; however, the insulation weight 
decreased. 

The resu l t s  given by cases  -18 

The 

F r o m  tabIes 111-6 to 

Due to the reduction in  

The effects noted above a r e  to a great  extent dependent on the nature of the heat 
pulse and the type of material. The graphite mater ia l  used has a high conduc- 
tivity and hence a substantial fraction of the heat shield weights a r e  associated 
with the insulation fractions. Therefore, any perturbation which alleviated the 
heat soak problem had a significant effect on the weights. 

I. ATMOSPHERE 

Two atmospheres were investigated in  an attempt to establish their effects on 
structural ,  heat shield, and residual weights. Kaplan's minimum temperature 
( T ~ L  = 560°K) and maximum temperature ( T ~ L  = 840°K) atmospheric models 
were  utilized. 

Fo r  shallow entry conditions, where convective heating is predominant, the 
high temperature K2 atmosphere yielded the smallest  residual weights. How- 
ever,  in general, as the entry angle was increased, the relative proportions of 
radiative to convective heating increased and the K1 atmosphere which resul ts  
in the greatest  radiation yielded the smallest residual weight. The variation 
described above is dependent on the vehicle shape. Fo r  example, the V6, which 
is a slender shape with a large proportion of convective to radiation heating, 
was found to have the smallest  residual weights for the high temperature atmos-  
phere K2 for a l l  entry conditions. Hence, the effect of atmosphere on residual 
weight is intimately connected with the shape and the flight path angle at entry. I 

The trends of the remaining parameters  appear similar for  both atmospheres. 
Small variations in  the angle -of -attack envelopes were observed as a resul t  of 
the atmosphere change. 
and residual weight led to the small differences in trends noted in the summary 
results. 

This complex interaction of the dynamic motion history 
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J. PROBLEM AREAS 

A major problem was found in evaluating the effects of angle of attack on the 
radiation heating, 
that a strong effect on the residual weight exists due to the angle of attack 
motions. - Hence, further development of analytical techniques is needed in 
this area.  
also lacking. 

The approximate technique utilized in the study indicates 

Experimental measurements of radiative heating distributions a r e  

The importance of radiative heating for the Venus entr ies  leads to the need fo r  
improving theoretical models. 
in volume I. 
to radiation. 
altering the general  flow field and radiation predictions. 
needed to develop techniques to compute nonadiabetic flow fields. 

A critique on the calculation model used i s  given 
A factor neglected in the flow model i s  the nonadiabetic effect  due 
This would couple the radiation and convective heating as well as 

Efforts a r e  therefore 

The mater ia l  performance requires  further evaluation. Part of this is connected 
with the heat t ransfer  model utilized in the study. If, for example, all the radia-  
tive heating were absorbed in the boundary layer  and converted to convective 
heating, the heat shield performance co-dd suffer. This aspect of radiative- 
convective heat transfer model on the heat shield weight requires  additional 

loaded with ablative products is also needed. 

1 

I 

study. Experimental work on transmission of radiation through boundary layers  I 
I 

The general  problem of entry into Venus has  neglected the cloud layer. 
severe turbulence and/or particle impacts which could occur a s  a resul t  of these 
clouds could resul t  in a catastrophic failure of the heat shield. 
problem and still use direct  entry, the use of low M/CDA vehicles decelerating 
above the cloud layer may be needed. In this regard,  a vehicle shape as the V 3  
looks attractive; however, a severe loss  in  residual weight is observed a s  the 
M/C& is decreased. It may be necessary to combine the effects of reduced 
entry velocity in order  to achieve adequate residual weights and decelerate 
above the cloud layer. The effects of entry velocity shown in the summary 
results a r e  seen to have a strong influence on the residual weight. 

The 

To avoid this 
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